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SmoPsm-Sunshine is avery. important climatic element, not only 
from the standpoint of the a culturht, but also from ita physical 
e€fect on man and other a n i m a r  The depreesing influence on human 
beings of long eriods of cloudy and damp weather is noticeal,le, even 
to the casual $server, while, on the other hand, long periods of suc- 
cessive days with continuous sunshine and high temperature are trv- 
ing on all animal and Long hot periods are usually chnr- 
acterized by few clou& and much sunshine, whe?. day afteraday, 
the amount of insolation received dunng the daypue results i n  an 
accumulation of heat in e x c w  of that lost at ni ht by radiation. 
Finally a change in presaure conditions results in t i e  brealang up of 

lant life. 

charts showing for each month the average amount of sunshine in hours 
per day; a1.m charta and graphs showing the seasonal and annual die 
tribution in percentages of the possible amount. Other chmts show 
the percentage of days clear, p%rtly cloudy. and cloudy, while the 
diurnal distnhution of sunshine is also graphically shown. There is 
iucluded a table shomin? for each month and for the year the average 
percentage of the possible aniount of sunshine for all stations where 
coutinuour automntic records are made. which include practically 
all regular reporting atatiuns. The basic data are fur the 20-year period 
froin 1PO.5 to 1814. exye t that the percentases of the pnwible amount 
are for the S-year perlog from 1905 to 1915. 

FIG. 1.-The svemge mean solar time of sunrise and sunset and the average length of the day, sunrise to simset, on December 22 and Juue 21, for each .two and onshalf 
degrees of latitude. 

the stagnant. atmosph-, bringing refreahing winds and welcome 
clouds to relieve the mtuation. 

Sunshine data are recorded and expressed either in values giving 
the actual amount in hours and tenths, or by indicsting the percentage 
of the possible amount. Each of these methods has advantages not 
potmessed by the other. Owing to the large seasonal variations in the 
possible amount. the actual duration of sunshine from month to month 
IE not disclosed directly by a statement of the percentage of the possi- 
ble. For in  such case, a knowledge of the latter is necessary before 
the actual amount can be determined. For example, along the north- 
central border of the United States, a day with four hours of sunshine 
the latter part of December would have 50 per cent of the possible, 
while a like amount the latter part of June would be only 25 per cent 
of the possible. On the other hand, the percentage of the possible 
amount gives a better direct indication of the seasonal variations in 
cloudiness than do data showing the actual number of sunshine 
hours. Published sunshine data for the United States are given 
mostly in values showing the percentage of the possible amount.. 

In View of the advantages possessed by each of these methods of 
data, they are given in this study in both valucs and in pr-ntiT conaidera le detail. Charts and gr~phs  are presented showing the 

mean solar time of sunrise and sunset, and the average length of the 
day, sunrise to sunset, representing the pwible maximum amount 
of sunshine for different seaaons of the year. Included is a series of 

VARIATIONS I N  THE POSSIBLE AMOUNT OF SUNSHINE.  

With an ideal sea-level horizon, the amount of sunshine 
received in any locality for the year as a whole would be 
determined by the prevailing state of the sky as to pres- 
ence or absence of clouds and fog, althoumh there is a 
slight increase with latitude in the possibfe amount of 
yearly sunshine. This variation is unimportant, how- 
ever, amounting in the course of the year to a total of 
only about 353 hours between latitudes 25' and 49' north, 
representing the extreme southern and extreme northern 
portions of the United States; the average possible yearly 
amount a t  latitude 25' is 4,437.2 hours and at latitude 
49', 4,472.6, for a 365-day year. 

The possible aniount of sunshine, however, has wide 
seasonal variation in middle and high latitudes, the varia- 
tions increasing rapidly with the latitude. It varies from 
week to week throumhout the year, being greater in higher 
than in lower latituaes in summer, and vice versa in win- 
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ter. The time of sunrise and sunset a t  a given place when 
expressed in mean solar time varies from day to day, 
depending upon the declination of the sun, while varia- 
tions in the e uation of time, the apparent diameter of 

sunrise and sunset also affect the results. Moreover, 
these uantities, as well as the solar declination, do not 
have t % e same values on corresponding days from year to 
year. It follows, then, that in a general table showing 
the t h e  of sunrise and sunset, the exac.t tinie is repre- 
sented only approximately, but even in estrenie cases the 
error is not material, being only two or three minutes 
per day. 

For coniparison as to the possible amount of sunshine 
that could occur in different portions of the United States, 
and to indicate the seasonal variations in amount, figures 
1 and 2 are presented. Fiewe 1 shows for each two and 
one-half degrees of latitude the average mean solar time 
of sunrise and sunset and the average length of the day, 
from sunrise to sunset, on December 23 and June 31, or 
the time of the winter and summer solstic.e, which repre- 
sent the shortest and the longest days, respectively, of 
the year. At the tinie of the e uinoses, about March 31 

of equal length, not only in all portions of the 1Tnited 
States but throu hout the world. 

longest days of the year the sun rises at the northern end 
of a north-and-south line drawn through the center of the 
United States from the northern to the southern bound- 
ary about one hour earlier than at the southern end, and 
that this condition is reversed durin the period of the 

from month to month in the length of the day, froin sun- 
rise to sunset, at latitudes 25”, 3 7 O ,  and 49O. The ver- 
tical bars to the riglit of t.his graph visualize the anipli- 
tudes of variations for the latitudes giren. It will be 
noted that while the longest clay of the year at latitude 
2 5 O ,  extreme southern Florida, is only about t.hree hours 
longer than the shortest day, at latitude 4 9 O ,  representing 
the northwestern boundary of the country, the longest 
day is eight hours longer than the shortest. The actual 
amount of sunshine received in different portions of tho 
United States varies greatly, however, from these poten- 
tial amounts. 

the sun, and t ll e atmospheric refraction at the points of 

and September 22, the days anc 1 nights are substantially 

It will be note 5 froni figure 1 that during the season of 

shortest days of the year. Figure 2 s % ows the variations 

REGISTRATION OF SZrNSHINE. 

The sunshine data collected by the Weather Bureau 
are not entireJy satisfactory, owing to the fact that the 
automatic recording instruments available to the present 
time do not indicate the different degrees of sunshme 
intensity, and it is very desirable that a more satisfactory 
instrument be devised. There are three forms of sun- 
shine recorders in use: These are the Campbell-Stokes 
burning recorder, c.onsist@g of a lens or burning glass 
which scorches, d u n g  bnght sunshme, a trace on a stri 
of cardboard laced a t  the roper focal distance and adl 

or photographit recorder- and the electical thermometric 
recorder, now in generai use by the Weather Bureau. 
The last-named instrument consists essentially of a 
straight glass tube with a cylindrical bulb at each end, 
the lower bulb, as exposed for service, being coated on 
on the outside with lampblack, and the whole inclosed in 

justed by clocLork to rev0 f ve with the sun; the Jordan, 

the space between the inner 
sheath being eshausted of air 
Mercury is used to separate the 
wires are inserted through the 

inner tube about midway between the bulbs, but above 

the point the to of the mercury column assumes in the 
absence.of sunsfine. The ends of the wires within the 
inner tube are slightly separated, but are so arranged 
that the electric clrcuit w d  be closed by the mercury 
coming in contact with them. The instrument operatea 
by the reater expansion of the air in the lower, black- 

the heat of the sun’s rays, this aspansion causing the top 
of the mercury column to move u ward and make con- 
tact with the ends of the wires. f v  ith the cessation of 
sunshine, .contraction causes the reverse operation and 
the circuit is opened. The instrument is therefore a 
kind of thermometer, and, owin to its somewhat slug- 

clouds the presence or absence of sunshine for short 
periods niay not be recorded. In general, however, the 
time lost should about equal that ained and the record 
is not thereby materially vitiated! The instrument is 

ened bu K b and also of the mercury in the tube,. caused by 

gish action, when the sky is part K y covered with floating 

Fm. 3.-Seasonal variations In the length 01 the day, sunrise to sunset, at latitudes 25O,  
37”. and 49’. 

not delicate enough to record sunshine in the earl morn- 
ing ininiediately after the sun ap ears above the K orizon, 

maintain a record somewhat before sunset. In  such cases 
the actual unrecorded sunshine is noted by personal obser- 
vations, and the records are corrected by adding thereto, 
when the sun is shining, the interval between actual sun- 
rise and the begiilnin of the automatic record, and that 

sunset. 

and likewise the sun’s rays usua Yl y become too weak to 

between the ending o 5 the record and the time of actual 

SUNSHINE DATA. 

Sunshine data may be espressed as the number of 
hours of dad sunshine, or as percentage of the possible 
amount. Wcen given in the latter values, the actual 
amount can be determined only with a knowledge of the 
possible amount, or that which would be received with 
continuously clear sk . There are included with this 

an 2 diurnal variations of sunshine in the United States 
by both classes of values. The installation of automatic 
sunshine recorders was begun a t  Weather Bureau sta- 
tions in the earl nineties, and a few years thereafter 
practically aU o f  the regular reporting stations were 
equipped with these instruments.’ 

There a peared in the November, 1919, MONTHLY 
WEATHER 5 EVIEW 47 : 769-793; an estensive paper, by 

pa er charts and tabes 9 showing the annuall seasonal, 

~ 

1 See “Bihliogrnphic note on sunshine in the United Btates,” by R. DsC. Ward, 
MONTHLY WEATHER REVIEW, NOV., 1919, 47; -;85. 
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Prof. Kimball on the variations of the total and luminous 
solar radiation with geographic position in the United 
States, in which theso vanations (ex ressed in gram- 
calorie units), with latitude, altitude, J o p ,  and yyipg 
atmospheric conditions, were discussed 111 detml, mth 
numerous illustrations and tables of observational and 
computed values. "he paper here presented has a more 
or less direct relation to that of Prof. Emball in so far 
as the actual amount of sunshine received in different 
sections of the country and the seasonal variations are 
concerned. Attention is especially invited to figure 3 in 
that paper, showing the variations in solar radiation in- 
tensity with latitude, and also to figures 10 and 11, show- 
in the average seasonal potential totals of radiation on 
a % orizontal surface and the actual average amounts, 
based on the degree of cloudiness prevailing in different 
sections of the country. 

Fi ure 3 shows the eographic distribution of sunshine 

possible amount, the latter being essentially the same for 
all sections of the country, or an average of a proximately 

is received along the north Pacific coast, where the sun 
shines on the avera e for the year durin only about 40 

the central and northern portions of the Appalac%ian 
Mountain area, and the Northeast, the percentages are 
only slightly hgher, 45 to  50. In the remaining dmtricts 
east of the Mississippi River and in the northern States 
from the upper Great Lakes westward to the Rockies, the 
percentages range from 50 to 60, except that they are 
somewhat higher in the Southeast, especially in the 
Florida Peninsula. Between the Mississippi River and 
the Rocky Mountains the annual percentage is generally 
between 60 and 70, which is also true for the central 
Rocky Mountain region and northern Plateau States. 
The maximum amount of sunshine in the United States 
is received in the far Southwest, including extreme 
western Teras, New Mexico, Arizona, southern Nevada, 
and the adjoining ortions of California. In the lower 

the year nearly 90 per cent of the total number of ours 
from sunrise to sunset. 

Figure 3 shows also the percentage of the possible 
amount of sunshine for each of the four seasons-winter, 
spring, summer, and fall. In winter the percentages 
range from less than 30 in the far  Northwest and in 

ortions of the Lake region, to more than SO in the tar 8 outhwest; in spring, the variations for the same regions 
are from 40 to 50 in the former, to about 90 in the latter. 
In summer the extremes in percenta es are 40 along the 

California, while in fall they range from about 35 in 
limited areas in the Lake region to more than 90 in the 
lower Colorado River Valley. For the country as a 
whole the average annual ercentage of the possible 

through the seasons as follows: Winter, 48 er cent; 
spring, 60 per cent; summer, 68 per cent; fd, 60 per 
cent. 
In some sections of the country the seasonal variations 

in the amount of sunshine, when expressed in percentage 
of the possible amount, are pronounced, while in others 
the distribution is quite unlform throughout the year. 
The interior &strich, as a rule, have the more uniform 
values, while the Pacific Coast States and the region of 
the Great Lakes have wide variations. 

QEOGRAPHIC DISTRIBUTION OF SUNSHINE. 

for t % e year as a who 7 e, expressed in percentage of the 

12 hours n day. This chart shows that the F east amount 

per cent of the day 8 ght hours, while in t % e Lake remion, 

T for 
Colorado River Val P ey the sun shines on the aver 

northern California coast to 95 in t f e Great Valley of 

amount of sunslne is neary P 60 per cent, distributed 

Fyy 7 p"ent.a da ta showing the seasonal variations 
for t ee se ected stations where the distribution of sun- 
shine is uniform throughout the year; these are for Yuma, 
Ariz., Denver,Colo., and Washington, D. C. This graph 
shows, also, similar data for three other stations where 
the seasonal variations are la e-Freano, Calif., Tacoma, 
Wash., and Binghaniton, N.5. "he record for Yuma 
shows uniformly high percentages, and those for Denver 
and Washington uniform and moderately hi h values 
while the others show widely varying seasons k amounts. 

Table 1 gives the average percentage of the possible 
amount of sunshine, by months and also for the year, for 
all re-dar re orting stations of the Weather Bureau 
equipped wit{ automatic sunshine recorders. In the 

WASHINGTON, D.C. 

I 

BINGHAMTON. N.Y. 7 J j  

FIO. ?.-I Varlatl- In m o m t  Of ~unshiaa-Selectd ~htlm, ual- 
form distributlm in some IocaUtIes and wlde verlatima in othm. 

sout.heastern portions of the United States the s ring 
months are the sunniest, while in much of the Ohio up alley 
and the Southwest June has a hi her ercenta e of s q -  
shine than any other month. J& is tge montf of man- 
mum in nearly half of the country, including all northern 
districts. The smallest percentage of the possible 
amount in much of the interior, and in the central and 
southern Pacific Coast districts and Southern Plateau 
States occurs in January, which is also the case in the 
Middle Atlantic States; in most other districts December 
is the cloudiest month. 

SEASONAL VARIATIONS OF SUNSHINE. 

Figures 4 and 5 show for the different sectiona of the 
United States, for each month of the year, the average 
number of hours of daily sunshine. These charta in- 
dicate the seasonal distribution of this important climatic 



FIG. 3.-Peroen'-- 3 of poesible amonnt of sunshine. 







*a A. . - 
XIIVIII - LO. J. B. K. unart i v .  

FIG. 6-Peroentage of days pwtly oloudy, and of days cloudy, annual. 
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factor. Owing to the fewer daylight hours, and also to 
the greater amount of cloudy weather in winter, the 
amount of sunshine is usually much less than in summer. 
Not only are there fewer actual sunshine hou-rs in winter 
but the percentage of the ossible amount is much leas 

c clonic action is more pronounced and several successjve 
dys of cloud weather may be experienced in the passin 

are usually of a more 10ccl.l character and there are fewer 
entirel overcast days. Cumulus clouds are character- 

frequently succesave short intervals of sunshine and 
cloudiness, particular1 in the afternoon. 

cloudy weather prevails in the Great Lakes and in 
western Montana, northern Idaho, and in Washington, 
the average amount of sunshine in considerable areas 
being less than 3 hours daily and in some localities less 
than 2 hours. In extreme western Texa!, most of New 
Mexico, and Arizona, and in southern California the win- 
tars, on the other hand, are sunn , these districts receiving 

ber and January, and 8 to 9 hours in February. In the 
Gulf States the amount of sunshine in winter ran ea from 
an average of 4 to 5 hours in December to 6 or 7 gaurs. in 

, the maximum amount occurring in the Florida 
Penins FebruY a. 

With the advent of s ring the amount of sunshine in- 

In portions of the upper Lake region and the far Nortli- 
west, where in December and January the average sun- 
shine is only about 2 hours daily, in April more than 7 
hours is usually received. The maximuni amount of 
sunshine durin this season is received in the lower Col- 
orado River $alley, where the average for the three 

ring months is about 12 hours n day, or 90 per cent of 
%e possible amount. By May, there is an average of 9 
to 10 hours of sunshine daily in the interior distncts of 
the country. 

The increase in the amount of sunshine from winter to 
summer in the northern portion of the United States is 
very pronounced. In  most of the northern border States 
there are on the averawe in July about 6) hours of daily 
sunshine in excess of b a t  received in January. In the 
South the increases are not so pronounced, the dail 

States being only about 3 hours. East of the Rocky 
Mountains the geogra hic distribution of sunshine in 

northern distnctg receivlng more than the southern. 
Much of the central and northern Great Plains usunlly re- 
ceives in July from 40 to 50 per cent more sunshine than 
occurs along the central and east Gulf coast. The 
maximum summer amount for the country as a whole is 
experienced in the Great Valley of California and over 
the western ortion of the Plateau region. The interior 

the summer months, the average daily amount of sun- 
shine in most of the Great Vallcy being nearly 14 hours, 
or about 95 per cent of that possible. 

In autumn, especially during October and November, 
much cloudy weather is expenenced in the region of the 
Great Lakes,. the upper Oho Valley, and the far North- 
west, where in some places the average daily amount in 
November is less than 2 hours, but a t  the same time the 
daily averages in ortions of the Southwest are in excess 

marked increase in the amount of sunshine from the 

than in summer. This is a ue to the fact that in winter 

of a storm, w h e  in summer, cloudy weather and rainf K 
istic o s the summer season and consequently there are 

In the late fall an B during most of the winter much 

on the average nearly 8 hours o f y  sunshine daily in Decem- 

creases rapidly, especia s y in the more northern districts. 

July excess over January in the central and eastern G U T  f 

summer is in general t 1 e-revexse of that in winter, the 

of California !l as almost continuous cloudless skies during 

of 9 hours. In t 1 e fall, there is a uniform and rather 

northeastern to the southwestern portions of the count . 
7 or 8 hours daily. 
In interior districts the averages for this season are mos 7 y 

CIURACTEE OF THE DAY. 

The character of the da9, as determined by the 
Weather Bureau, is divided into three groups. A day 
when the sky is three-tenths or less covered with clouds, 
on the avera e, is recorded as clear; from four-tenths 
to seven-tent& as partly cloud ; and eight-tenths or 

by a number of eye observations throughout the day. 
Figures 5 and 6 show for different sections of the coun- 

try the aver e annual percentage of days clear, the 
average annu' percentage partly cloud and the aver- 

e annual percentage cloudy. It d b e  noted that 
%e percentage of days clear for the ear, p a whole, 

Southwest; while the ercentage of days cloudy ran e 
from 5 in the latter P ocality to more than 40 in t % e 
former. 

While the extreme duration of periods of cloud and 
clear weather that has been experienced is not cimat- 9 
ically of great importance, it is of interest in a general 
discussion of sunshine and cloudiness. East of the 
Great Plains, the longest eriod of consecutive cloudy 
days that was espenencei during the 20-year period 
from 1895 to 1914, ranged from 12 to 16, the number 
being about the same in all sections, except that it was 
only about 8 da s in Florida, but 20 in the Lake re 'on. 
In the western &eat Plains, the southern Rocky s u n -  
tain, and much of the Plateau areas, the maximum 
number of successive cloudy days was about 10 in most 
localities, and ranged in the Pacific Coast States from 8 
in southern California to 20 in western Washington. 
From the Mississippi Valley eastward the longest period 
of consecutive clear days experienced durin these 20 

Eake region it was about 10 and in Florida 20 days. 
In the Great Plains the longest clear period varied from 
12 days in the central portion to 20 or more in both the 
northwestern and southern portions. In the western 
Plateau States and in the interior of California from 50 
to 80 consecutive clear days were recorded durin this 
period, but 10 was the limit along the north #ac%c 
coast. 

more as cloudy. The degree of c s oudiness is determined 

ran es from about 20 to 25 in the La z e repon and the 
far b orthwest to more than 85 in portions of the far 

ears was generally about 15 days,. except t B at in the 

DIURNAL VARIATIONS I N  SUNSHINE. 

In general, the amount of sunshine is less during the 
early morning hours, with a secondary minimum in the 
late afternoon. The greatest amount occurs near midday. 

Figure 8 shows the diurnal distribution of sunshine 
for several sections of the country, based on the average 
of five or six stations for each area designated, the areas 
covered being the Atlantic Coast States, the Gulf reeon, 
the interior, and the immediate Pacific coast distncts. 
It will be noted from this aph that for the year, as 
a whole, the diurnal distrd%tion of sunshine is uite 
uniform in all sections of the country. There are, %ow- 
ever, wide seasonal variations in some localities, as is 
indicated by figure 9, which shows for the summer sea- 
son-June to August, inclusivethe diurnal distribu- 
tion of sunshine at San Di o and Fresno, Calif., Kansas 

At Fresno and Kansas 
Cit durin the summer season sunshine is distributed 
ratier un&rmly throughout the day but at San Diego 
the afternoons are much sunnier &an the mornings, 

City, Mo., and Tampa, F a .  T 
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$ ! i g 3  o z n +  

47 34 37 
61 49 54 

48 31 33 
Bo 48 48 
57 48 42 
58 50 49 
61 38 42 

a m 3 1 0  

while at Tampa these conditions are reversed . For the 
winter season in these localities the large variations do 
not appear . 

40 
Bo 

51 
59 
54 
55 
61 

47 

.. 
F I ~  . 8.-Diurul Ciibiiibutiou d sunshine in differeut sections of the United States, 

annual average . (Percentage of the padble amount.) 
FIO . 9.-Diurnal distribution of sunshhe selected s tat im for the summer season- 

June-August . (PmentAge of the podbl; amount.) 

$sed. pe ................ 
North6eld . Vt ............... 
Boston Mass 

................ 
Burlhgdn, Vt .............. 
Blockhand R . I ........... 
Providence k.1 ............ 
Hnrtford, donn .............. 

................ 

The hour of maximum sunshine for the year. as a 
whole. varies for different sections of the countrg . In 
most localities the sunniest hour is from 12 to 1. although 
in some areas. including part of the upper Ohio Valley. 
Tennessee. and the east Gulf States. and the central 
Rocky Mountain and Plateau region. the masimum 
occurs from 11 to 12. while in much of the southern 
plains the sunniest hour is between 1 and 2 . The earli- 
est hour of maximum sunshine for the day. 10 to 11. is 
found in the Florida Peninsula and the southern Rocky 
Mountain districts . In the Gulf region the time of 
occurrence becomes ro essivel later from cast to 
west . In the Florifa FeninsuL it is from 10 to 
11 ; in the southern half of Geor 'a and of Alabama. 11 
to 12; in the lower Mississip i valley. IS to 1 i and in 
most of Texas. from 1 to 2 . $here is also a simlar pro- 
gression from the southern Rocky Mountains northward 
to the northern border districts . 
TABLE 1.-Percmta e of possibk amount of sunahhe. monthly and an- 

wual saverage for eight y m a .  1906-1918) . 

37 49 48 50 
65 64 64 Bo 
33 47 51 51 
38 53 5s 54 

43 52 55 55 
43 56 55 59 
44 66 56 60 

statim . 
.... 

ATLANTIC COAm . 

. 

. 

46 
67 
51 
50 
61 
54 
56 
52 

. 
d 
P 

i-a . 

E4 
64 
62 
Bo 
Bo 
61 
83 
67 

. 

h B 
. 

55 
67 
67 
67 
72 
83 
83 
59 

. 

3 
4 . 

56 
64 
61 
62 
67 
61 
61 
62 

. 

. 

50 
59 
51 
64 
6s 
65 
53 
47 

TABLE l.-Percmtug# o pf88ibk amount of mn8hk. monthg and 
annual (aueragejr nght pr8.1906-191Z)-Continued . 

New Havm Conn .......... 47 
Albany. N . k ............... 38 

New Y a k  . A . Y ............ 50 
BInghsmton N . Y .......... 29 

.......... 47 
46 

C ........... 39 
Norfolk-Va: ................ 53 
RIchmAd Va .............. 47 
Lvnchburi Va .............. 45 t theville'va .............. 43 
&ville A . c .............. 4s 
Ralelph k . C ............... 48 
Wiluu&on N . C ........... 59 
Charleston 8 . C ............. 61 
Augusta OR ................. 53 
Atlanta, 'Ga ................. 46 
Macon, Ga .................. 49 
Earamah, Ga ............... 56 

GUL3 STATES . 
Jackmnville, Fla ............ 66 

Fla ................. 60 
%if'Als ................. 54 
Birml&ham, Ala ........... 46 
Mrridian, Mms .............. 43 
Vlcksburg, M I S  ............. 49 
New Orleans La ............ 52 
Little Rock hrk ............ 48 
port Emith' Ark ............ 49 
Bentonvilld Ark ............ 47 
Oklahoma bkla ............ 51 
Houston '+e% ............... 61 
Galvest&, Tex .............. 60 
Sari Antdo,  Ter ........... 4s 

Om0 VALLEY ANLl 
TENNESSEE . I 

Memphis Term ............. 46 
chattanobga . Tenn .......... I 37 
fiorville Tenn- ........... I 40 
Lexington' Ky .............. 30 
Louisville.' KY .............. 38 
Evansville. Ind ............. 54 
Indianapolis Ind ............ 35 
(?inchat1 dhio ............ 35 
Columbus 'Ohlo ............. 36 
Parkersbukg W . VS ......... 
Elkins, W . $8 .............. 30 
Pittsburgh, Pa .............. 29 

LAKE REGION . I 
Canton N . Y ............... 35 
Rochesier N . Y ............. 29 
Buffalo. Id . Y ............... 2( 
Erie Pa ..................... 25 
Clevbland Ohio ............. 28 . ................ Toledo Ohio I 32 ...... 
Detroit'. Mi& .............. I 31 

Grand Rapids. Mich ........ 27 
Port Huron . Mich ........... 35 

Grand Haven. Mich ......... I 
chiqo.  Ill ................... 

Green B a i  Wis ............. 50 
Escanaba k i s  .............. 44 
Sault Ete.'Marle, M k h  ....... 28 

Lan;an.&yl.G ::::::::::::: ; 
Mmquette, Mieh ............ 38 

UPPER MISSWSJPPI VALLEY . 
St Paul M h  .............. 50 
G r r o s L  wis .............. 45 
Madison tvis ............... 43 
Charlesbit Iowa .......... 52 
Dubuque ?&a ............. 43 
Des Moinbs, Iowa ........... 46 
Peoria, Ill ................... 44 
E ringfleld I11 .............. 45 
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THE S U N  AS A SOURCE OF POWER. 

The problem of harnessing the radiation of the sun, 
and convertin i t  into power in such a manner as to 

The attem t to use reflecting devices may be said to 

aside from the mere general interest in the problem, its 
significance and importance are accentuated by the 
realization that the coal supply of the world is steadily 
being depleted. In addition, in tropical regions, where 
solar engines would give the greatest promise, coal is 
scarce, and a satisfactory device fpr obtaimng power 
from radiation which would othemse be used only in 
heati the earth's surface would be most welcome. 

& Y e  it is interesting, i t  is not necessary, in this 
connection, to consider the opinions which have been 
advanced as to the reason for the maintenance of the 
sun's heat, but i t  is valuable to know the tremeiidous 
amount of energy which reaches the earth's surface 
daily. The Sscien$i$c Amel.icnn of October 7, 1916,says: 

The great lowinq surface which the sun present9 to US, even con- 
sidered aR a 8at disk. h r C ~  the enornoun area of 585,750.000,000 squire 
miles, each s w e  foot of which ermh the tremendous amount o f  
about 12,500 %onepower. The average radiant energy received on 
the Rurface of the earth [in middle latitude?] at noon on n clear day i* 
shout 5,000 horsepower per acre. 

Sir Oliver Lodge, who discussed this question before 
the Royal Society of Arts on December 10, 1919, cx- 
pressed the opinion that the reatest good will be de- 

ture, inasmuch as +e leaves of plants, unhampered by 
any diicienc limt imposed b the laws of thermo- 
d namics, &. Horace Brown has shown, however, that vegeta- 
tion is not the most ef€icient user of solar heat, for the 

render the rea 3 ts of commercial value, is not a new one. 

date from 5 e Caux in 1615 and Buffon in 1747. But, 

rived from the sun through t % e promotion of agricul- 

use mast &cien d y the incident radiation. 

168046-20--2 

amount of solar ener y stored is less than 2 per cent of 

difference of opinion, also, in regard to e maximum 
possible thermal efficiency obtainable from such devices 
as have been suggested. These figures vary from 2 to 
more t.han 40 per cent, dthou h they are based on 

principles, theoretical an8 practical, and may nlallg riot e of equal value. It can not be denied that the 
iden of a factory deriving its power from the solar 
radiation incident upon its roof is an attractive one, in 
spite of the general opinion of its jm racticability. 

Solar engines have been constructe which have iven 
promise of considerable ractical importance. Per aps 

Cairo, Egypt. This consists of five 205-foot boilers 
placed on edge and in the focus of five channel-shaped 
mirrors of parabolic cross section, giving a total area of 
13,269 square feet. This plant gave as its best run for 
an hour 1,442 pounds of s t e m  at a ressure of 16.8 

Rave been made upon other engines of similar design 
but of different size. For example, i t  was found that 
the boilers were more productive when covered with 
glass. Meterological conditions also affect the steam 
production. Humidity, it was found, exerted so much 
influeiice tlitit a decrease of 20 per cent gave an in- 
creased steam production of 30 per cent.' 

Not all the theories for the utilization of the sun's 
energy are built around the idea of concentration of the 
sun's rays upon boilers, but others have been advanced 
in the more speculative field of electromagnetism. It is 
argued by Mr. A. A. Campbell Swinton, in a letter to 
iV&u.Te,2 that by methods analogous to t,hose which have 
produced such fruitful results in wireless communication, 
it may be possible to convert incident energy directly into 
usable e1ectric.d energy. The basis for his argument is 
that since the difference between the electromagnetic 
waves which reach us from the sun, and those emited 
from a wireless st.ation, lies only in the wave length, it 
is possible to use the andog of wireless development in 
predictin what may come 9 rom this line of experimen- 
tat,ion. &e predicts that the efficiency of this method, if 
i t  were devised, would be quite high, .perhaps not leas 
than 50 per cent. This idea seems uite attractive and 

en 'ne. 
%ther interesting devices have been made of lesser 

practical importance. It is saida that in subtropical 
regions, where coal is scarce, such as E pt, the Punjab, 
and the Karoo of South Africa, t,eakwoo E oxes, blackened 
within, fitted with glass tops., and properly insulated, 
hare been found to register from 240' to 2T5' F. in the 
middle of t,he day, and, with the addition of an auxili 
mirror, to reach even 290'. The 
ovens are many, and there is no 
the initial construction. This is 
regions for cooking and baking as 
purposes. 

In view of the declining natural resources of the world, 
the increasing studies in solar activity, and the ap lica- 
tion of electrical methods and devices, it is not 1 (E e to 
hope for an efficient and practical method of converting 
the sun's heat into usable commercial power.-0. Le 
Roy Meisinge~. 

8l t,liat, which reaches t B e leaves. There ap ears to be a 

I B 
the most important of t, R ese is the one at Mecrdi, near 

pounds per square inch, which is e uiva P ent to 63 horso- 
ower per acre of land occupied B y the plant. Tests 

perhaps more promising than t.he o P der idea of the heat 

1 Bwinton, A. A..Cum bell: Power from the sun, Name, Dec. 18,1919, p. a9!2. 
?Scienti$c Ammcan.8uygminf a t 15 1917,p 176. 
Ackermann A. 8. E.: utlllhtl%of;olar en&gy,abtrsrt in Natrue (London), 

Yay 21,1915, &. 858-%0,3 figs. 


